The turnover of pericryptal fibroblasts in the rat colon mucosa was analysed after in vivo incorporation of tritiated thymidine. Thirty-six rats were serially killed one hour to 21 days after intraperitoneal injection of the radionuclide. At one hour, the labelling index of pericryptal fibroblasts was only 2.44%; labelled fibroblasts were slightly predominant along the lower two-thirds of the crypts. Within 24 hours, most underwent at least one cell division. No migration was observed and a significant proportion of labelled fibroblasts was still present after three weeks. It is concluded that those fibroblasts constitute a slowly renewing cell population. The data failed to confirm the hypothesis of an 'en bloc' migration of fibroblasts in synchrony with the epithelial cells.
The intestinal epithelium is a tissue in which cell proliferation, differentiation, and migration occur throughout life. In the small intestine, proliferating cells are restricted to the crypts; the turnover time of the epithelial cell population is approximately 48 to 72 hours (Quastler and Sherman, 1959; Messier and Leblond, 1960; Cairnie et al., 1965) . In the colon, proliferating cells are restricted to the lower twothirds of the crypts and the turnover ranges between 34 and 140 hours (as estimated from data by Messier, 1960; Lipkin and Quastler, 1962; Sawicki et al., 1968; Sawicki and Rowin'ski, 1970; Chang and Nadler, 1975) . The mechanisms which control this continuous process are still poorly understood.
The clear description by Kaye et al. (1968) of a colonic mesenchymal pericryptal sheath tightly surrounding the glandular epithelium suggested possible epitheliomesenchymal interactions, a finding which may be borne out by analogous studies of developmental conditions in the duodenum (Mathan et al., 1972) . Bearing the results of tritiated thymidine (3H-TdR) incorporation studies in mind, Pascal et al. (1968) also proposed the hypothesis of an 'en bloc' synchronous migration of the whole epitheliomesenchymal complex, including the epithelial cells and pericryptal fibroblasts. The aim of the present 'Address for reprint requests: Dr. Alain P. Maskens, Clinique Saint-Michel, Cancer Research Unit, B-1040 Brussels, Belgium.
Received for publication 9 March 1979 study was to document further the turnover of pericryptal fibroblasts implied by the above hypothesis, using 3H-TdR labelling techniques.
Methods
Thirty-six male BD IX rats, about 24 weeks of age and fed a standard diet and tap water ad libitum, were used in this experiment. They were killed in groups of six, at one, 12, and 24 hours, three, seven and 21 days after receiving intraperitoneally 05 ,tCi/g tritiated thymidine (3H-TdR) (Amersham, England), specific activity 2 Ci/mM. Samples of the mucosa from the distal descending colon were embedded in Epon. One ,um thick sections were coated with NTB-emulsion (Kodak, Rochester), developed after six or 10 weeks' exposure, and stained with nuclear fast red. All crypts of Lieberkuhn that were adequately exposed from base to lumen in the sections were scored for the presence of 3H-TdR labelled pericryptal fibroblasts, of which the grain count (three or more grains) as well as position along the crypt were recorded. The latter was determined with reference to the position of the closest epithelial cell. In addition, 50 glands from each of six animals randomly chosen from the experimental group were scored for the number and position of all pericryptal fibroblasts, both labelled and unlabelled. Recognition of pericryptal fibroblasts was based on previously described histological criteria . 775
Results
The colonic mucosa is composed of a regular succession of cylindrical crypts perpendicular to the intestinal lumen. The monolayer of glandular epithelial cells is tightly surrounded by a so-called 'pericryptal sheath', consisting of the epithelial basement lamina, collagen fibres, and fibroblasts. The latter appear as fusiform cells closely lining the crypt surface. On 1 ,m thick midsagittal sections, an average of 7-1 pericryptal fibroblasts per gland were found, distributed along the entire length of the glands, with, however, a slight preponderance in the lower two-thirds (lower third, 36 3 %; middle third, 38-1 %; upper third, 25.6%). There was little variation from one animal to the other (Table 1) .
Data on 3H-TdR incorporation in the pericryptal fibroblasts at various intervals after a pulse injection of the radionuclide are detailed in Table 2 . An average of almost 400 crypts per animal were analysed. In animals killed 60 minutes after the injection, the incidence of labelled fibroblasts was quite low, approximately one for every six glands of Lieberkuhn or one for every 42 unlabelled fibroblasts (labelling index 244%). Labelled fibroblasts were distributed all along the crypts (Fig. 1) , with Grain count studies are detailed in Figs. 2 and 3. An average of 2300 glands and 287 labelled fibroblasts was available for analysis in each group. To make groups comparable, they were normalised to 1000 glands each. In order to facilitate grain count and cell identification, radioautographs exposed during six weeks only were used for specimens from animals killed one to 24 hours after the 3H-TdR injection (Fig. 2) , while a 10 week exposure was needed for the ones with a longer delay (Fig. 3) ; the 24 hour specimens, however, were analysed with both exposures, to serve as a reference in both groups.
Between the first and the 24th hour after 3H-TdR, together with the increase in the number of labelled fibroblasts, there was an accumulation of nuclei with a reduced grain count (median grain count: one hour, 13; 24 hours, nine). After the first day, while the number of labelled fibroblasts decreased quite slowly, several retained high grain counts for as long as three weeks.
Discussion
Studies of the turnover of pericryptal fibroblasts in the gut mucosa are difficult for three reasons. As outlined by Marsh and Trier (1974) , pericryptal fibroblasts can sometimes be difficult to identify, with possible confusion with capillary endothelial cells. In addition, labelled fibroblasts are infrequent findings (one for every six crypts scored), and large amounts of material have to be analysed to obtain significant results. Consequently also, labelled mitoses techniques are inapplicable. In this study, therefore, attempts were made to gather as accurate information as possible by using high resolution light microscopy techniques, by scoring large numbers of labelled fibroblasts, and by recording grain counts.
The 3H-TdR labelling data presented here confirmed the observation by Pascal et al. (1968) that colonic pericryptal fibroblasts constitute a renewing cell population. After a pulse injection of the radionuclide, a small fraction (2A4 %) of those cells became labelled. Most underwent at least one division within the 24 hours that followed the injection, as evidenced by increased labelling index and dilution of the grain density. In the subsequent days, Fig. 2 Grain count study ofpericryptal fibroblasts from the colon mucosa of rats killed one hour, 12, and 24 hours after an intraperitoneal injection of 3H-TdR. Pooled data, average 2300 scored crypts from four to six animals per time interval. Exposure time of the radioautographs: six weeks. Ordinate: normalisedfrequency (fibroblasts per 1000 crypts). At 24 hours, the number of labelled fibroblasts is markedly increased, with accumulation of low grain counts.
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is followed several days after the injection of 3H-TdR, r rate of the pericryptal fibro-their proportion becomes progressively equal in all though the length of the cell segments of the crypts in the colon, as well as along its phases as well as the pro-the villi in the small bowel. This indicates that involved in the proliferative daughter cells produced lower in the mucosa are annot be computed from the progressively redistributed among the entire popuiover of the population as a lation. This observation, however, led Pascal et al. ;imated using the quotient of (1968), followed by Marsh and Trier (1974) and I) by the DNA synthesis time Parker et al. (1974) , to conclude that fibroblasts and epithelial cells migrate in synchrony from the base of the crypts to the intestinal lumen. Their conclusion is hard to follow in the light of their own observations. Indeed, a migration process that would occur in synchrony with the epithelial cells and terminate by either some 'sloughing off into the intestinal lumen' or an eventual migration to the deeper layers of the lamina propria, would imply a constant renewal of those fibroblasts with a turnover time similar to that of epithelial cells. This is a possibility we cannot retain, on the basis of the low labelling index of the fibroblasts. There are only two theoretical possibilities to link a slow population turnover with a rapid migration. One is to admit that only a small subpopulation of fibroblasts rapidly proliferate and migrate, among, however, a large non-proliferating, stable population. This possibility is unlikely and in no way compatible with the hypothesis of an orderly migration of the whole subepithelial fibroblast population in synchrony with the epithelial cells. The other theoretical possibility is to admit that, after migrating in synchrony with the epithelial cells from regenerative zone to the exfoliative zone, the fibroblasts migrate to the lamina propria and, at later time intervals, return to the pericryptal compartment at the base of crypts ('recycling'). Again, this possibility is unlikely. Such a phenomenon, indeed, has never been observed in other biological systems. In addition, it is not supported by the observations of Kaye and his colleagues (1968) that pericryptal fibroblasts along the lower crypt, which appear to be rather undifferentiated, are histologically different from those along the upper crypt and mucosal surface, which take on the appearance of differentiated fibrocytes. Moreover, no histological evidence has ever been brought forward to show that fibroblasts were sloughed off through the surface basal membrane, or accumulated in the region of the lamina propria.
All the evidence, therefore, indicates that the pericryptal fibroblasts constitute a slowly renewing cell population. Although some migration of the fibroblasts cannot be excluded, we are of the opinion that the concept of a continuous orderly migration in synchrony with the epithelial elements cannot be supported by the present or previously published data.
On the other hand, silver impregnation studies have indicated that the basal lamina, another component of the pericryptal sheath, also has a turnover time far in excess ofthat ofthe epithelial cells (Walker, 1972; Rahier et al., unpublished data) . The pericryptal sheath is therefore to be viewed as a rather stable structure upon which the epithelial elements migrate while undergoing differentiation.
